Aims Genetically influenced aspects of adolescent behaviour can play a role in alcohol use and peer affiliation. We explored the correlations between friends' alcohol use and adolescent own use with a genetically sensitive design. Design Genetic and environmental factors were estimated on adolescent reports of their friends' alcohol use and their own use and problem use of alcohol. The correlations between the genetic and environmental factors that influence friends' alcohol use and adolescent own alcohol use and problem use were also estimated. Participants A total of 862 twin pairs aged 11-17 years sampled from the UK population-based Cardiff Study of All Wales and North-west of England Twins (CaStANET). Measurements Data on adolescent own alcohol use and problem use and the alcohol use of their three best friends were obtained using self-report questionnaires. Findings A significant genetic influence was found on adolescent friends' alcohol use (about 30%). Significant correlations of 0.60 and 0.70 were found between the genetic influences on friends' alcohol use and adolescents' own use and problem use of alcohol. Common environmental influences were almost completely correlated for friends' alcohol use and adolescents' own alcohol use and problem use (0.91 and 0.94). Conclusions There is considerable overlap in the common environmental and genetic factors that contribute to the relationship between adolescents' own alcohol use and that of their friends. These findings contribute to understanding of the mechanisms by which friends' alcohol use influences adolescent drinking behaviour.
INTRODUCTION
Alcohol is the most prevalent form of substance use during adolescence [1] . Heavy use is linked with numerous negative health consequences and adverse social outcomes, including liver damage, mouth and throat cancer, sexually transmitted disease, antisocial behaviour and poor school performance [1] . Rates of alcohol use and problem use in the United Kingdom are high compared to most other European countries [2] , with many adolescents regarding heavy alcohol use as normative [1] . Better understanding of the risk factors for alcohol problem use is important for the development of the most effective prevention and intervention approaches.
Both genetic factors [3] and peer influences [4] [5] [6] [7] have been implicated in adolescent alcohol use. Twin studies indicate that 20-30% of the variation in liability to adolescent alcohol use is genetic in origin [3] . In the first UK-based twin study of substance use, we have found previously that genetic influences accounted for around 30% of the variation in the initiation and 50-60% in the progression of alcohol use [8] . Peer alcohol use (usually assessed by adolescent report rather than directly) has been reported to be one of the strongest predictors of adolescent alcohol use [5] [6] [7] , while perception of peers' attitudes to alcohol use is another important risk factor [7, 9] .
There are several possible reasons for the strong relationship between peer alcohol use and adolescent alcohol use. Peers may influence adolescent drinking behaviour by serving as role models and by influencing attitudes towards alcohol. They can also facilitate access to and encouragement of alcohol use [10, 11] . Alternatively, given that adolescents are involved actively in selecting and maintaining friendships, they may select friends with similar drinking habits to themselves (peer selection [12, 13] ). It is likely that the association between friends' and adolescent alcohol use is due to both peer selection and peer influence. Other factors, including cultural norms, neighbourhood influences, school and larger peer networks, will also have an impact [5, 14, 15] .
A possible explanation for the association is geneenvironment correlation (rGE). Conceptually, rGE concerns the co-occurrence of genetic influences increasing risk for alcohol use in adolescents with risk environments (e.g. involvement with substance-using peers). Three types of rGE have been posited: passive (where the parental genes cause the correlation), active (where the subject's own genes make him/her seek certain environments) and evocative (where a subject's own genes increase the chances he/she is selected by others) [16, 17] . It has been hypothesized that rGE plays an important role in the continuity of devious behaviour over time [18] . The study of gene-environment correlation is important because it can identify the environments that put individuals with a genetic liability for alcohol problem use at an increased risk. Twin studies using bivariate genetic analyses represent an important first step towards disentangling the mechanisms of gene-environment correlation. Genetic influences have been reported for adolescent alcohol use [3] , peer behaviour [19] and friendship maintenance and formation [20] . It seems plausible that the correlation between peers and adolescent alcohol use is explained partially by an overlap in genetic factors. To date, a US-based study of 14-year old twins [4] is the only twin study to examine peer influences and adolescent alcohol use. The study used a measure of peer deviance and found that the association with alcohol use was explained by common environmental influences (i.e. environmental influences that make the twins more similar), with no evidence for genetic influences. Peer alcohol use was assessed as part of a broader index of peer deviance. Given the strong association identified between peer and adolescent alcohol use, it may be an important risk factor in its own right [5] [6] [7] . Further, genetic influences have been reported for a combined measure of peer alcohol and cigarette use [19] but not for peer deviance [4] , suggesting that their aetiology may be different.
There is evidence to suggest that while frequency of alcohol use is associated with a range of negative outcomes, there are distinct risks involved in binge drinking and drunkenness, such as increased aggressive and antisocial behaviour [21, 22] . A definition of binge drinking of five or more drinks in a row has been used previously to define problem drinking in epidemiological research and in reports used to inform UK policy decisions [1, 2] . The relationship between close friends' alcohol use with adolescent use of alcohol versus problem use may differ and it is potentially informative to explore this.
The aims of the present study were to examine:
1 the relationship between adolescent alcohol use and problem use and their best friends' alcohol use in a UK population-based sample of twins; 2 the genetic and environmental influences on adolescent alcohol use and problem use and their friends' alcohol use; and 3 whether the relationship between friends' and adolescent alcohol use is influenced by genetic or environmental factors.
Because alcohol use and peer influences may differ, depending on gender and age [23] [24] [25] , this was also evaluated in our analyses.
METHOD

Sample
This study used data from the fourth wave (2004) of data collection of the longitudinal Cardiff Study of All Wales and North-west of England Twins (CaStANET), a population-based twin register, including families with twins born between 1976 and 1991 in the Cardiff area of South Wales and between 1980 and 1991 for the rest of Wales and the North-west of England [26, 27] . Previous waves of data collection (1991, 1997, 2000) have focused on indices of child psychological adjustment [including attention deficit hyperactive disprder (ADHD), conduct problems, depression and chronic fatigue] using child and/or parent and teacher reports [26] . In 2004, questionnaires were mailed to families taking part in CaStANET with twins aged 11-19 years, which assessed substance use and associated risk factors, including family functioning, parent health and twin psychological adjustment. The sample is representative of the general UK population in terms of socio-economic status and ethnicity [27, 28] . Zygosity was assigned in an earlier wave of the study [23] using a parent-rated twin similarity questionnaire [29, 30] . Non-responders were initially sent reminder postcards and were then re-mailed the questionnaire. Of 1755 families contacted, at least one individual from 1214 families returned questionnaires (a response rate of 69%; the individual response rate was 61%). Families received gift vouchers as a token of appreciation.
Alcohol can be purchased legally in the United Kingdom from 18 years of age. For the present paper, we analysed data on adolescents under the legal age. Our sample therefore consisted of 862 twin pairs (142 male, 185 female MZ twin pairs and 108 male, 141 female, 286 opposite sex DZ twin pairs) and 1629 individuals (complete data on both twins were not always available) aged 11-17 years (mean = 15.33 years; SD = 1.41).
Measures
For the current paper, all measures were from adolescent self-report. The measures used to assess own and close friends' alcohol use were derived from the Add Health questionnaire [31] . The Add Health study is the largest survey of adolescent health undertaken to date. All the measures used in the present study have been piloted extensively in the Add Health study [32] .
Quantity of alcohol use
This was assessed using the question: 'Think of all the alcoholic drinks you had during the past 12 months. How many drinks did you have during a typical week'? Responses ranged from 1 (never had a drink in my life) to 7 (more than 30 in a typical week). For the present analysis, individuals were recoded into those who had never drunk alcohol, light drinkers (less than six drinks in a typical week) and heavier drinkers (six or more drinks in a typical week). A drink was defined as a glass of wine, a can or half pint of beer or lager, a bottle (e.g. Bacardi Breezer), or a single measure of spirits.
Problem alcohol use
This was assessed as: 'over the past 12 months, on how many days did you drink five or more alcoholic drinks in a row?' and 'over the past 12 months, on how many days have you got drunk on alcohol?'. Both indices of drinking behaviour have been used to define problem drinking in previous research [1, 2, 31] . Response options ranged from 1 (never) to 5 (most days). Scores were strongly associated (Spearman's r = 0.69), and combined whereby the highest endorsement from either behaviour was taken as the measure of problem alcohol use. For the present analysis, individuals were recoded into those who had never drunk alcohol in their life, those who had not engaged in problem alcohol use more than twice in the last year and those who had engaged in problem alcohol use more than twice in the last year (i.e. drinking until drunk or drinking five or more drinks in a row in the last year).
Friend's alcohol use
Friend's alcohol use was assessed with the question: 'of your three best friends (apart from your twin), how many drink alcohol at least once a month?'. Response options ranged from 0 (none) to 3 (all three).
Finally, we created a composite score of twin-sharing of best friends by averaging the responses of both twins to the question: 'how many of your three best friends are also your twin's best friends?'. Possible responses to these questions ranged from 0 (none) to 3 (all 3). There was a significant association between twins as to the number of shared friends (r = 0.77, P < 0.001). This combined measure provided an index of shared friends for each twin pair.
Statistical analysis
Initial analyses were conducted to examine whether friends' alcohol use was associated with an increase in adolescent quantity of alcohol use and problem alcohol use. As each twin is part of a twin pair, when conducting epidemiological analyses reduced variance due to the correlation between twins' scores can cause high false positive rates [33] . To account for this the data were treated as equivalent to a two-stage cluster design, with twin pairs as the primary sampling unit [34] , using the survey analyses procedure in STATA (release 9) [35] .
Univariate genetic analysis
As the alcohol use variables were ordinal, a threshold model was used whereby the underlying liability to each variable is considered as normally, or approximately normally, distributed in the population. This model assumes that behaviour, e.g. problem alcohol use, will occur only if an individual's position on the liability distribution for that behaviour is above a certain liability threshold [36] . In univariate analyses, twin data allowed us to estimate the relative contribution of genetic and environmental influences on quantity of alcohol use and problem use. By conducting similar analyses on twin reports of friends' alcohol use, it is also possible to test whether there are genetic influences on the adolescent that are correlated with friend's alcohol use. The twin method is based on comparisons of monozygotic (MZ) twins, who share 100% of their genes in common, with dizygotic (DZ) twins, who share on average 50% of their genes. For genetically influenced behaviour we would expect greater MZ than DZ similarity. In the basic (ACE) model, variation is assumed to arise from three sources: (1) additive genetic effects (a 2 ); (2) common environmental effects (c 2 ); and (3) unique environmental effects (e 2 ). Common environmental effects serve to make twins more similar to one another, while unique environmental effects tend to make the individuals in a twin pair less similar [37] .
Genetic analyses using a structural equation modelling approach and full information maximum likelihood estimation with raw ordinal data were undertaken with the software package Mx [38] . Conventional tests of fit are not appropriate for this type of analysis; however, the relative difference in the fit of minus twice the loglikelihood between submodels is approximately distributed as c 2 . Thus, it is possible to compare more complex models with simpler models, for example a model including gender differences in aetiology with one that includes no gender differences, and assess on the grounds of parsimony which is the best-fitting model. To test whether a model represents a good fit of the data, the model is compared to a 'perfect' fitting model, referred to as a saturated model, in which the variance and covariance of the data is freely modelled. If the model is not significantly different from the saturated model, it represents a good fit to the data [39] .
When investigating the genetic influences on friends' behaviour it is possible that MZ twins share more friends than DZ twins. This would represent a violation of the 'equal environments assumption', which assumes that MZ and DZ twins are correlated equally in their exposure to environmental factors of importance for the trait under study and would result in an inflated heritability estimate for friends' alcohol use [40] . In addition, the extent to which friends' alcohol use is correlated with adolescent own alcohol use could lead to a greater resemblance between MZ twins and an inflated heritability estimate for this variable. Based on the significant correlation between increased sharing of best friends and peer alcohol use (r = 0.17, P < 0.0001) and increased sharing of best friends in MZ twins (Mann-Whitney U = 36804.5, P > 0.0001), we controlled for sharing of best friends when conducting the genetic analyses by allowing the threshold to vary as a function of the number of shared friends [41] . The threshold is modelled as a simple linear function: ti = t + sharedbestfriendsi ts, where t is the population baseline threshold (for individuals with 0 shared best friends), ts models the regression of the threshold on the number of shared best friends, and sharedbestfriendsi is the number of shared best friends of the individual i [41] . The same approach was used to control for possible age effects (see below).
It is plausible, particularly with substance use such as alcohol use, that the behaviour of a twin may have an impact on the same behaviour in the other twin. This is termed 'sibling interaction' and can take two forms, sibling competition and sibling cooperation [34] . In traits measured on an ordinal scale we would expect a sibling interaction to result in differences in threshold levels and in the prevalence of individuals in extreme categories for MZ and DZ twins [37] . This can be tested by assessing whether the MZ and DZ twin thresholds can be equated without a significant drop in fit. We found that MZ and DZ thresholds could be equated for all variables, suggesting that there was no significant effect of sibling interaction (results available from the corresponding author upon request).
With a sample of twins reared together that includes opposite sex DZ pairs, it is possible to test for qualitative and quantitative gender differences in the aetiology of behaviour [37] . A sex limitation model that includes qualitative gender differences is referred to as a 'general effects model' and can be specified to assume a (partially) different genetic or common environmental aetiology for males and females. A sex limitation model that includes quantitative gender differences but no qualitative gender differences (i.e. has the same genetic and environmental aetiology but differences in magnitude for males and females) is referred to as the 'common effects model'. A model with no gender differences (i.e. the genetic and environmental estimates for males and females are equated) is referred to as a 'sex homogeneity', or 'no sex effects model' [37] . By comparing the fit of minus twice the log-likelihood and the change in degrees of freedom between these models it is possible to test for significant gender differences in aetiology. However, the two alternate forms of the general effects sex limitation model (i.e. qualitative differences in genetic versus common environmental influence) are not nested and therefore comparisons of alternative indices of fit such as Aikake's information criterion (AIC) [42] are necessary when selecting the most appropriate model [37] .
Given the likelihood of an association between age and the level of alcohol use and friends' alcohol use, an age correction was employed which adjusts the threshold for each twin according to his or her age on the distribution of liability to substance use, using the same method as described for controlling for sharing of best friends [41] . We also tested for quantitative differences in aetiology due to age by assessing whether the genetic and environmental estimates can be equated for individuals from different age groups without a significant drop in fit. For this analysis, the sample was divided into early (12-14 years old, 175 twin pairs), middle (14-16 years old, 386 twin pairs) and late (16-18 years old, 315 twin pairs) adolescent age groups. Although dividing the sample in this way will lead to a reduction of power to detect differences, we can conclude tentatively that there was no evidence for quantitative differences in aetiology due to age (results available from the corresponding author upon request).
Bivariate genetic analysis
In bivariate analyses, we tested whether genetic and environmental influences on the twins' alcohol use and problem use were correlated with those influencing their friends' use. Given that in the literature there is evidence of both friends influencing an adolescent's alcohol use and vice versa [6] , and as the data used in the current analyses were cross-sectional, it was not possible to assume a direction of effect between these variables. As such, a bivariate correlated factors model was fitted to the data (see Fig. 1 ). This is equivalent to a bivariate Cholesky decomposition model but makes no assumptions about the direction of causation [43] . It gives estimates of the genetic (rG), common environment (rC) and unique environment (rE) correlation between two variables of interest. These correlations are independent of the size of the estimates of genetic and environmental influences on the variables of interest.
RESULTS
Figures for quantity of alcohol use showed that 69% of adolescents drank alcohol less than six times in a typical week. Sixteen per cent of adolescents had never had a drink of alcohol, while 15% reported consuming more than six drinks in a typical week. Figures for problem alcohol use indicated that of the 84% of adolescents who drank alcohol, 24% reported drinking until drunk or consuming five or more drinks in a row more than twice in the past 12 months. Adolescent reports of the number of close friends who used alcohol showed that 19% had one close friend who drank alcohol at least once a month, 17% had two close friends who drank alcohol at least once a month and 33% had three close friends who drank alcohol at least once a month. Thirty per cent of adolescents reported that none of their close friends drank alcohol at least once a month. Each variable was associated with age (polyserial correlations r = 0.40-0.50).
Friends' alcohol use was associated with adolescent own quantity of alcohol use (polychoric correlation r = 0.66) and alcohol problem use (polychoric correlation r = 0.72). Ordered logistic regression was used to examine the associations between friends' alcohol use and adolescent own alcohol use. Friends' alcohol use predicted both quantity of alcohol use (b = 1.087, t = 13.95 P < 0.001) and alcohol problem use (b = 1.111, t = 14.10 P < 0.001) in analyses controlling for age, gender and zygosity. For quantity of alcohol use the majority of the variance was explained by genetic influences (61%), although both common environment (20%) and unique environment (19%) were also significant. Similarly, for problem alcohol use, genetic influences explained the largest proportion of variance (46%) although common environment (29%) and unique environment (25%) were also significant. The best-fitting models were not significantly different from the fully saturated models (see Table 1 ), suggesting that they represented a good fit of the data.
Univariate genetic model fitting
Bivariate genetic model fitting
Significant genetic and environmental correlations were found between friends' alcohol use with adolescent quantity of alcohol use and with problem use (see Table 2 ). The only exception was a non-significant unique environmental correlation between friends' alcohol use and adolescent own quantity of alcohol use. The bivariate analyses did not provide a significantly worse fit than the fully saturated model, suggesting that they represented a good fit to the data.
DISCUSSION
This is the first study to examine the genetic relationship between peer alcohol use and adolescent alcohol use. The study replicated previous findings of a strong association between peer and adolescent alcohol use [5] [6] [7] . The results indicated a high level of overlap between the genetic influences on both friends' drinking and adolescent alcohol use, as indicated by the significant genetic correlations (r = 0.6-0.7). However, the results also emphasize the importance of environmental factors with the majority of the common environmental factors being shared.
Consistent with previous studies of adolescent alcohol use, genetic influences were found to be important and no gender differences in aetiology were found [3] . Genetic estimates were slightly higher than has been reported, but as the genetic aetiology of adolescent alcohol use has not been studied previously in UK-based samples, it is not clear whether this effect is specific to alcohol use within the CaStaNET sample or to the United Kingdom in general. However, the prevalence rates in CaStaNET were consistent with those reported in large studies of alcohol use in the United Kingdom [2] . Genetic influences were slightly stronger for quantity of alcohol use (a 2 = 0.61) than alcohol problem use (a 2 = 0.46). This may be because alcohol problem use was assessed as whether the problem use had occurred twice in the last year (rather than the regularity of it occurring), and this may be more influenced by environmental opportunities to drink to excess.
Peers have been referred to as an important environmental risk factor for adolescent substance use and problem use. However, our results indicate that the situation is more complicated. We found that genetic influences explained about 30% of the variation of twin reports of friends' alcohol use. This is compatible with a peer selection process whereby twins seek out particular peers or peers seek out the twin with whom to be friends, which is partly genetically influenced. The results could also be explained by the adolescents' individual characteristics, given that peer selection and friendship maintenance are influenced by attitudes, personality and behaviour [12, 13] . Both attitudes and personality have been shown to be, at least in part, genetically influenced [44, 45] .
For both peer and adolescent alcohol use no age or gender differences in aetiology were found, nor evidence for sibling interaction for alcohol use. A strong correlation was found between the genetic factors influencing adolescent alcohol use and friends' alcohol use (r = 0.6-0.7). This is consistent with the possibility of rGE (gene-environment correlation). As mentioned previously, three types of rGE have been posited: passive (where the parental genes cause the correlation), active (where the subject's own genes make him/her seek certain environments) and evocative (where a subject's own genes make him/her more likely to be selected by others) [16, 17] . The occurrence of both active and evocative rGE processes on drinking habits is plausible, where genes influence the choice of friends (who in turn may further affect liability to consume alcohol). Passive -2LL: minus twice the log likelihood; d.f.: degrees of freedom. The best-fitting model is shown in bold type. The ACE (additive genetic, common enviroment and unique enviroment effects) no sex effects model assumes no gender differences in the genetic and environmental estimate. This model (model 2) was compared to a saturated model (model 1) which estimates a covariance for each zygosity and the means and variances for each person-category. Models 3-5 were compared to the no sex effects model. These models assess sex differences in aetiology. The common effects model refers to a model assuming quantitative sex differences in the genetic and environmental estimates. The general effects model, rg free, refers to a model assuming qualitative sex differences in the genetic estimate while the general effects model, rc free, refers to a model assuming qualitative sex differences in common environment. AIC: Aikake's information criterion.
Table 2
Bivariate genetic analysis. rGE is also possible whereby parental genes contribute to both the genotype and the environment of their children. Thus, for example, genetic factors influence parent-child relations [46] and parent-child relations influence peer selection (with poor parent-child relationships quality is associated with affiliation with deviant peers; [47] ). Given that the relationship between peer and own alcohol use is potentially reciprocal [6] , it is plausible that genetic factors create a risk environment which influences adolescent alcohol use. Given the cross-sectional nature of the present study, it was not possible to further distinguish between these processes. Peer influences are one of the strongest risk factors for adolescent alcohol involvement [3] and therefore a powerful potential domain for intervention. These results suggest individual differences in interactions with peers, which are influenced by genetic as well as environmental influences. It appears that to be most efficacious, peer-based interventions need to take into account these individual differences in addressing the relationship between peer influences and adolescent alcohol use.
The correlation between common environmental influences on friends' alcohol use and adolescent own alcohol use was almost one (r = 0.91-0.94). At face value, our results suggest that the common environmental influences on alcohol use overlap almost entirely with those that impact friends' alcohol use. Although rater effects may have contributed to these findings (see below), another study has provided similar results. Walden and colleagues [4] found that the relationship between peer deviance and alcohol use was explained by common environmental factors (although they were not examining peer alcohol use per se).
In the present study, the peer influences examined were those of the behaviour of the adolescent's three closest friends, hence the importance of peer selection as a possible mechanism. An important caveat is that peer relationships are not restricted to dyadic relationships with friends, but involve small and larger groups of friends [48] and fellow school pupils [4] . The peer group investigated (friends, classmates) and whether group or individual relationships are examined have potentially important implications for the derived pattern of results.
Limitations
There are several limitations of the present study. The same rater reported their own and their close friends' alcohol use, which may have led to shared method variance inflating covariance artificially between the two assessments. Because adolescent reports of peer drinking may include bias [19] , as their accounts may measure imperfectly peer's actual use and reflect their own use [49] , it is possible that the genetic influences on perceived peer use may index genetic influences on the adolescent's reporting, and this needs to be taken into account when interpreting our findings. Although very few studies have presented correlations between perceived and actual peer use, one study in adolescents has reported that the correlations were not perfect, but substantial (0.63-0.68) [24] . Furthermore, our results are in agreement with an earlier univariate twin study that was based on peers' own reports of a combined measure of alcohol and cigarette use [19] and also found evidence of genetic influences.
Although no quantitative age differences were observed, without longitudinal data it is impossible to discount the possibility of qualitative age differences (specific aetiological influences coming online at different ages). Finally, we took a conservative approach to control for twins sharing the same peers. However, this greater sharing of friends may be due to genetic influences on friendship formation and therefore represent a valid genetic influence on peer alcohol use. If this were the case, our estimates of genetic influences on peer alcohol use would be overly conservative.
The implications of these findings are that friends' alcohol use should not be considered an entirely environmental risk factor for adolescent alcohol use and problem use. Genetic influences can be expected to play a role in individual differences in alcohol use by adolescents as well as contribute to who their friends are and to what extent these friends use alcohol. These findings point to the possibility of gene-environment correlations in adolescent alcohol use. However, further research is required to increase understanding of the type and form such correlations take and the processes by which they exert their effects. The high common environment correlation also implies that environmental influences on twins that make them more similar in drinking behaviour are the same as those that make their friends' drinking behaviour more similar to their own. These findings contribute to understanding of the mechanisms by which friends' alcohol use influences adolescent drinking behaviour.
